Ligand binding and covalent structure of an oxygen-binding heme protein from Rhodobacter sphaeroides, a representative of a new structural family of c-type cytochromes.
The amino acid sequence of an oxygen-binding heme protein (SHP) from Rhodobacter sphaeroides has been determined. The cysteines, which bind the single heme group in the 112-residue protein, are located at positions 43 and 46. SHP is similar in size to the large membrane-bound form of the class I cytochrome c5 of Azotobacter vinelandii (116 residues) and in the location of the heme binding site at positions 48 and 51. Two extra cysteines in SHP (residues 89 and 97) are located in positions similar to those of cytochrome c5 (residues 98 and 101) and form a disulfide bridge in both proteins. In total, four regions of alpha-helix are predicted, covering 46% of the protein, which is comparable to that in other small cytochromes. SHP is thus distantly related to small class I c-type cytochromes but is representative of a distinct family by virtue of its high-spin nature, the lack of a strong sixth ligand, and its capacity to bind oxygen. Potentially, the most important characteristic of SHP is its ability to transiently bind oxygen during autoxidation, which occurs with a half-life of 3 min with a 4-fold excess of O2. SHP also binds carbon monoxide, azide, and cyanide. The kinetics of reduction by free flavins indicate that SHP is less reactive than other class I cytochromes c and that the heme is less accessible to solvent. There is localized positive charge (+3) at the site of reduction of SHP, although the overall protein charge is -2. This may account in part for the ability of SHP to bind anions.